This paper consists of two parts. Firstly, we consider icons instead of BG symbols, which are better accepted by some people. Secondly, we take dimensional analysis for any physical quantities that are built from fundamental and derived quantities. The main thing is that they have a special mathematical structure and only quantities of the same dimension can be equated, added or subtracted. By multiplication, on the other hand, physical quantities can be combined, i.e. area is the product of two lengths and velocity is the quotient of a length and atime.
INTRODUCTION
BGs (bondgraphs) are an universal graphical means to represent dynamic systems that we have used for many years: components of systems are represented by letters, that is an alphanumeric code which represents a certain abstraction. Some people prefer a iconic code, which is more suitable for their intuition. So one purpose of this paper is to develop an iconic or picture code to complement BGs.
The other purpose of the paper is dimensional analysis, a very old technique that has spawned a large literature including some papers by Thoma [THOMA 1968] . If done properly, dimensional analysis is a very powerful tool for modelling, especially to set up practical formulae. Let us note also that on all graphical representations the dimensions of the quantities should be given, for instance volt per meter V/m for electric field strength. Another example is the product of voltage and current VA, which is power, expressed in Watt, the time derivative of transported energy. In mechanics we have the newton N and the velocity in meters per second m/s, whose product is again the transported power or time derivative of energy.
ICONS FOR HOT GAS SYSTEMS
According to the general philosophy of hot gas systems, which is developed in [THOMA 2006] , thermofluid machines are built quite naturally as a sequence of RECO, HEXA and TEFMA. On Fig. 1 , we see a picture of a valve on top, a RECO icon in the center and a BG symbol below. RECO is a contraction of 'resistor for convection' and both mass flow and enthalpy flux are conserved in it. The icon comes from hydraulics practice, where it simply means a narrow passage along a fluid line. Let us insist on the fact that mass flow and enthalpy flux are conserved in a RECO.
Next is the heat exchanger which we call HEXA and which appears on Fig. 2 . Here we use simply a power balance to obtain the outgoing enthalpy flux:
Note that the HEXA needs the following causality: heat flux in and temperature out; this is a consequence of the equation between enthalpy flux and heat flow. The thermal bond is pseudo with temperature as effort variable.
One step further is the thermal fluid machine TEFMA, obtained from the HEXA by adding a mechanical bond; icon and BG appear on Fig 3. The power balance becomes
Note that a mechanical bond, which is a true bond, has been added to the HEXA. Causalities are mandatory but they can be turned around by suitable one-ports: the inertia of the rotor and the thermal resistance of the heater.
Some people like the iconic symbols better than BG symbols, although additional information, such as the signs for power for example, must be given as well, especially in electrical circuits. In our experience, BG symbols are much easier to handle and we include icons only for illustration.
DIMENSIONAL ANALYSIS
Dimensional analysis is a very powerful tool for the study of systems if done properly [BRIDGMANN 1922 , SEDOV 1972 , KASPRZAK 1990 . It starts from the observation that all physical quantities (or variables) are the product of a measure q m and a unit q u
or, in words, the length of something is 10 times the unit of 1 meter.
Length = 10 x 1 meter
The measure is a (pure) number and the unit is something totally different: it is a quantity associated with the number 1 and has the following properties:
1. Units can be transformed as follows:
For example :
which means that if the unit decreases, the measure increases, such as to leave the quantity q invariant.
So, we can write equations not only between numbers but also between quantities of the same kind or dimension (in the above example, length).
2. Equations between quantities of different kinds or dimensions can be obtained by multiplication and division:
So, the unit of area A should be chosen as the product of two units of length, which is by no means always done, as in the following counter example: 1 acre is not the product of one foot times one foot.
In particular, instead of a product one can have a division or even a combination of multiplications and divisions:
as, for example:
or, in words, velocity equals length divided by time.
In mathematics, these products or divisions are called monomials and the better known polynomials are simply an addition of monomials.
So, in dimensional analysis we have to distinguish between the physical quantities, which have a measure and a unit and the measures which are numbers (sometimes called pure numbers).
Numbers can be handled by ordinary mathematics whilst physical quantities can only be combined by multiplication and division according to the above equations of dimensional analysis. Particularly important are the dimensionless quantities that are obtained by multiplication and division of physical quantities where the units cancel.
One example of a dimensionless monomial is the time constant of control engineering
where RC is the so-called characteristic time.
Another example is the Reynolds number which is the ratio of inertia to viscous forces in fluid mechanics :
where l stands for length, v for velocity, for mass density and µ for dynamic viscosity.
The Reynolds number governs the change from laminar to turbulent flow.
All these considerations lead to the theorem of Buckingham [FRENCH 2002] which says that if we have n equations built from m basic units, then they can be reduced to a relation between n-m non-dimensional monomials.
As an example, if we had 5 quantities built from 3 units, we have a relation between two monomials. This means that one of the monomials is a function of the other one. In fluid dynamics, for example, the drag force of a submerged body is the product of dynamic pressure and cross section, which is a function of the Reynolds number.
The difference between physical quantities and measures is important mainly for block diagrams BD and bond graphs BG. In both we may have several control loops which must be dimensionless as they go into a mixing point (addition or subtraction point) to be compared. On the other hand, the gains of simple elements generally have dimensions. So, the loops are dimensionless and the number that represents them can be considered as large or small compared to one.
One example is a servo-amplifier which takes voltage as input and outputs a fluid volume flow. Another example would be a DC electric motor with torque output proportional to input current: the back EMF is proportional to angular velocity. Of course, in BG language, it is a gyrator.
PRISONERS OF MLT UNITS
Theory and practice show that very often one should use force and not mass as a fundamental unit. Mass as unit was choosen only because it is easier to obtain a precise standard of mass than to obtain a standard of force. The use of force as fundamental unit would be somewhat of a return to the old system of technical units. As we like to formulate, one should not be a prisoner of the mass unit because acceleration is only one effect in physics.
Better still is energy as a fundamental unit instead of force, because as force times displacement, energy is a conserved quantity. Very useful also is to consider impulse (momentum) as a fundamental unit because it is also conserved, which is important in modern physics. Force is then simply the time derivative of impulse. So, one can write a BG with impulse derivative as flow, which is then the so-called inverse or force-flow analogy. It brings advantages in understanding certain equilibrium problems of the mechanics of structures, as in civil engineering for example. Here the summing of impulse flows or forces is done in a parallel or 0-junction.
Another quantity to consider as fundamental unit is rotary impulse (angular momentum) which is simply the time integral of torque. It plays an important role in modern micro physics where it is called spin.
These problems can be treated with Systar (http://www.systar.ch), a scientific software package in active development [MOCELLIN 2006 ].
We conclude our overview of icons and dimensional analysis for BG thus: both should remind the reader that BG are not only a mathematical and data processing tool, but also a way of life. [SEDOV 1972] 
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